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Dengue, caused by the dengue virus (DENV), poses a significant global health challenge. Effective vaccines 
and treatments for dengue are lacking due to gaps in understanding its pathogenesis and mechanisms 
in severe cases. This study investigates the role of immunoglobulin E (IgE) in dengue, focusing on its 
potential association with virus neutralization and antibody-dependent enhancement (ADE) in DENV 
replication. Serum samples were obtained from dengue-positive (dengue-IgG positive), SLE (dengue-IgG 
negative), and control (dengue-IgG and SLE-negative) individuals. SLE sera were included as a control 
for their high total IgE levels. Total IgE and dengue-specific IgE levels were measured using ELISA. 
Neutralization assays in Vero and KU812 cells were conducted to assess virus neutralization and ADE, 
respectively. Dengue-positive and SLE sera showed higher total IgE levels than control sera, although 
there was no significance seen. Dengue-positive sera showed the presence of dengue-specific IgE, 
whereas SLE and control sera exhibited negligible levels. Neutralization assay in dengue-positive sera 
revealed no correlation between IgE levels and virus inhibition. SLE sera, however, demonstrated an 
inverse correlation between total IgE levels and DENV neutralization, suggesting a potential involvement 
of total IgE in DENV replication in the context of SLE. Seventy-eight percent of SLE sera, 65% of dengue-
positive and 54% of control sera exhibited enhanced virus replication in KU812 cells with serum 
compared to virus alone, indicating the highest occurrence of ADE in SLE, followed by dengue-positive 
and control sera. DENV expression in KU812 cells was notably higher in SLE sera, indicating increased 
ADE risk. However, no association was found between IgE levels and virus expression in KU812 cells 
across all groups. The inverse correlation between total IgE levels and DENV neutralization in SLE sera 
suggests that IgE may facilitate virus replication. Further comprehensive exploration is needed to fully 
understand the role of IgE in dengue pathogenesis.
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INTRODUCTION

Dengue is a hyperendemic arthropod-borne viral disease transmitted 
by Aedes mosquitoes and has become a major public health problem 
mainly in tropical and subtropical locations (Guzman & Harris, 2015). 
Dengue virus (DENV) infection is estimated to risk almost half of the 
world’s population per year globally causing 96 million symptomatic 
cases and approximately 500,000 cases of severe dengue (Bhatt et 
al., 2013). There are four serotypes of DENV, designated as dengue 
virus 1 (DENV-1), dengue virus 2 (DENV-2), dengue virus 3 (DENV-3), 
and dengue virus 4 (DENV-4) (Marshall et al., 2003; Appanna et al., 
2012; Inokuchi et al., 2018), each characterized by distinct genetic 
makeups, with only 60–75% of their amino acid sequences being 
shared. Malaysia has seen a significant increase in dengue cases 
since 2000, reaching a notable peak of 130,101 cases reported in 
2019, the highest number of dengue cases to date, reflecting that 

there were 399 infections per 100,000 people. The highest number 
of deaths recorded was noted in 2015 with 336 deaths (Salim et 
al., 2021; AbuBakar et al., 2022). The total number of dengue 
cases climbed to 97.839 in October 2023 compared to the 48,109 
cases reported in 2022. In 2020, there were 90,304 instances of 
DF recorded nationwide in Malaysia; in 2021, there were 26,365 
cases; and in 2022, there were about 64,078 cases, according to the 
Ministry of Health (MoH) Malaysia (https://idengue.mysa.gov.my/
ide_v3/pdf/statistik.pdf#page=10, September 2024). 
	 Dengue exhibits a spectrum of clinical manifestations, ranging 
from asymptomatic cases to mild fever and, in some cases, severe 
forms leading to death (Kalayanarooj, 2011; Hasan et al., 2016; 
Khetarpal & Khanna, 2016). Considering that severe disease 
predominantly occurs in individuals with secondary dengue virus 
infections, host immunological mechanisms may contribute to the 
development of dengue haemorrhagic fever (DHF) and/or dengue 
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shock syndrome (DSS) (Inokuchi et al., 2018). The pathophysiology 
of severe dengue appears to be multifaceted, involving intricate 
interactions among viral components, host genetics, and the 
host’s immunologic history, particularly prior infection with the 
dengue virus (Rothman, 2003). There are several factors that 
contribute to the risk of contracting severe dengue. Notably, prior 
exposure to different serotypes of the dengue virus increases the 
risk, as subneutralizing antibodies may enhance virus infection 
or trigger pro-inflammatory responses. Pre-existing conditions 
such as diabetes, hypertension, obesity, cardiac disorders, and 
allergic asthma are associated with severe dengue, potentially 
due to heightened baseline inflammation or increased vascular 
complications. Genetic predisposition, including polymorphisms in 
HLA types and non-HLA alleles, also plays a role in dengue severity, 
implicating factors like TNF, IL-10, JAK-1, and TAP (Rathore et al., 
2020).
	 DENV infection has been found to be amplified by subneutralizing 
levels of dengue-specific antibodies via antibody-dependent 
enhancement (ADE) (Huang et al., 2016) and there are 2 types of 
ADE – intrinsic and extrinsic (Halstead, 2014; Narayan & Tripathi, 
2020). The Fc receptors (FcR) on circulating monocytes are where the 
antibody-virus complex attaches. As a result, there is an increased 
rate of infection and a rise in overall viral replication, hence a risk 
of developing severe dengue (Whitehead et al., 2007). ADE occurs 
when, rather than protecting the body against infections, the 
antibody magnifies and exacerbates the virus infection, making the 
effects on the host more severe (Marshall et al., 2003; Rothman, 
2003; Martina et al., 2009). The inability of the immune response 
to inhibit DENV replication due to ADE results in elevated viral 
levels, activating more pro-inflammatory cytokines and chemokines, 
leading to a ‘cytokine storm’. This response significantly contributes 
to dengue severity, impacting the vascular endothelium and causing 
heightened permeability, leading to shock and potential organ 
failure (Chen et al., 2008; Kelley et al., 2012; Modhiran et al., 2015; 
Srikiatkhachorn et al., 2017).
	 Previous studies showed that the level of IgE was higher in 
the post-defervescence serum of dengue patients (Pavri et al., 
1979; AbuBakar et al., 1997; Bachal et al., 2015), suggesting its 
contribution to dengue pathogenesis. In addition, dengue-specific 
IgE was significantly higher in severe dengue patients (Koraka et al., 
2003), proposing the pathogenic role of this antibody (Sanchez et 
al., 1986), and was also found to be an early predictor of dengue 
severity (Inokuchi et al., 2018). On the other hand, a previous study 
showed that sera of SLE patients efficiently neutralized DENV in 
comparison to healthy individuals, with effects independent of IgG 
or IgM antibody levels (Zainal et al., 2018). The potential involvement 
of IgE in the neutralization effects against the virus was suggested 
as the antibody is known to be elevated in SLE patients’ sera in the 
neutralization effects against the virus. Furthermore, an earlier 
study showed that human immunodeficiency virus (HIV)-infected 
children with elevated IgE showed no opportunistic infections or 
failure to thrive, suggesting the protective role of IgE in HIV disease 
(Pellegrino et al., 2002). These findings further suggest that IgE could 
have dual effects in viral infections (Annsley et al., 2024), acting as 
a double-edged sword. 
	 While the role of IgG and IgM in DENV infection has been 
studied extensively from protective and pathological aspects (St 
John, 2013; Lee et al., 2016; Wang et al., 2017; St John & Rathore, 
2019), the role of IgE is still indefinite and warrants further research. 
Here, we aim to investigate the role of IgE in inhibiting virus 
replication and its effects on antibody-dependent enhancement 
(ADE) against DENV.

MATERIALS AND METHODS 

Study approval
The approval for sample collection and the conduct of 
experimentations were obtained from the Medical Research & Ethics 

Committee, Ministry of Health Malaysia (reference number: NMRR-
12-1412-1306), Universiti Malaya Medical Centre (UMMC) Medical 
Ethics Committee (Ethics Committee/IRB Reference Number: 
962.6) and Institutional Biosafety and Biosecurity Committee 
(IBBC) (reference: UMIBBC/NOI/R/FOM/MMB-001/2020). Written 
informed consent was obtained from each volunteer in this study.

Patient serum samples
The dengue-IgG positive (dengue-positive) and dengue-IgG and 
SLE-negative (control) sera were obtained from the Tropical 
Infectious Diseases Research & Education Centre (TIDREC) and 
the Universiti Malaya Medical Centre (UMMC). SLE patient serum 
samples were collected from Putrajaya Hospital, and only dengue-
IgG negative SLE sera were selected for this study. 

Enzyme-linked immunosorbent assay (ELISA)
In order to determine total and dengue-specific IgE levels among 
the samples, a total of 56 SLE sera, 60 control sera, and 45 dengue-
positive sera were used. For the determination of the total IgE level 
in the serum, the 96-well plate used was coated with anti-human 
IgE antibody (Sigma Aldrich Chemical, St. Louis, MO, USA) and kept 
overnight at 4°C. After three washes with 1 x filtered phosphate 
buffer saline (PBS), the plate was blocked using 5% skimmed milk 
(Sunlac, Pulau Pinang, Malaysia) for 2 hours at 37°C. Following 
three washed with 1 x PBS, diluted samples (1 in 10 dilution in 0.5% 
skimmed milk) were added and the plate was incubated for 1 hour 
at 37°C. The plate was washed thrice with 1 x PBS, and then anti-
human IgE peroxidase-labelled conjugate (Sigma Aldrich Chemical, 
St. Louis, MO, USA) was added. The plate was incubated for 1 
hour at 37°C, followed by triple wash with 1 x PBS. Subsequently, 
3,3’,5,5’-Tetramethylbenzidine (TMB) substrate (Sigma Aldrich 
Chemical, St. Louis, MO, USA) was added and incubated for 15 
minutes at room temperature. The reaction was stopped using 
stop solution (Sigma Aldrich Chemical, St. Louis, MO, USA), and the 
absorbance was measured at 450nm.
	 To determine the dengue-specific IgE levels using ELISA, the 
coating and blocking of the plate were performed according to 
the protocol outlined for the total IgE ELISA. Serum sample at 1:10 
dilution was applied to the plate for a duration of 1 hour at 37°C. 
Following this, unbound antibodies were removed through washing 
using 1 x PBS thrice, and a mixture of diluted dengue antigens was 
added to the plate.  The plate was then incubated for 1 hour at 
37°C. After washing, the plate was further added with anti-dengue 
horseradish peroxidase (HRP) conjugate (Sigma Aldrich Chemical, 
St. Louis, MO, USA) to a 1:1 ratio into the diluted dengue antigen 
and incubated for 1 hour at 37°. The plate was washed three times 
with 1 x PBS and subjected to the development process as outlined 
in the total IgE procedure. 
	 The IgE ratio was calculated using the following formula: IgE 
ratio = (OD sample – OD blank) / (OD blank + [3 x SD]). To ensure 
consistency and account for any non-specific binding or background 
noise, each sample’s OD value was compared to that of a blank well, 
which contained all assay components except the serum.

Determination of dengue-specific IgG and IgM levels
SLE sera were screened for the presence of dengue antibodies using 
the Dengue IgG and IgM capture ELISA kit from Standard Diagnostics, 
Inc. following the manufacturer’s protocol.
	 Dengue-specific IgG and IgM levels in dengue-positive and 
control sera were determined using the fluorescent immunoassay 
system. A total of 10 µL of sera was applied to the Standard F Dengue 
IgM/IgG fluorescent immunoassay (FIA) kit (SD Biosensor) and 
subsequently detected using the STANDARD F200 Analyzer machine.

Cell culture
Vero cells from African green monkey kidney epithelial cells utilized 
in this investigation were obtained from our Swedish partner 
(Ammerman et al., 2008) that were cultured using Dulbecco’s 
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Modified Eagle Medium (DMEM; Life Technologies, Carlsbad, CA, 
USA) supplemented with 10% foetal bovine serum (FBS; GIBCO, NY, 
USA) and kept at 37°C with 5% CO2 and sub-passaging was done 
twice a week regularly once the cells become 80-90% confluent.
	 KU812 cells (Human Peripheral Blood Basophilic Leukaemia 
Cells) purchased from Icell Bioscience Inc. (iCELL, Shanghai, China, 
were utilized as mast cells and were cultured in Roswell Park 
Memorial Institute 1640 (RPMI-1640; GIBCO, NY, USA) medium, 
which was supplemented with 10% heat-inactivated FBS, 1% non-
essential amino acid (NEAA; GIBCO, NY, USA), and 1% L-glutamine 
(GIBCO, NY, USA). Cells were cultured in a humidified 37°C with 5% 
CO2. Weekly sub-passaging of the cells was carried out twice, and the 
cells were used when approximately 80% confluency was attained.

Viruses and stock preparation
The DENV-1 serotype was used in this study (strain 311012). The 
virus stocks were prepared by infecting an 80% confluent monolayer 
of Vero cells with the virus inoculum at 1:40 dilution in serum-free 
medium. The cells were then subjected to gentle rocking motion at 
room temperature to allow virus entry. Following absorption, the 
cell cultures were incubated at 37°C in 5% CO2 conditions for 7 to 10 
days after which the serum-free medium was replaced with DMEM 
supplemented with 2% FBS. The supernatant was collected and 
transferred to a 15ml centrifuge tube and centrifuged for 5 minutes 
at 3500 rpm to remove cells and the cell debris. Subsequently, a 
10cc syringe and 0.45µm syringe filter were used to sterilise the 
supernatant during the filtering process into another 15ml centrifuge 
tube. After filtration, the supernatant was aliquoted into small tubes 
and kept in the freezer at -80°C until needed.
	 The foci-forming assay was used to determine the virus titre. 
Vero cells were initially seeded overnight in DMEM with 10% FBS 
supplementation on a 24-well plate at a cell density of 1.5x105 per 
well, and then incubated at 37°C under 5% CO2 conditions. The virus 
was diluted 10-fold in serum-free medium, administered to the cells, 
and allowed to absorb for 80 minutes at room temperature while 
being gently rocked. Following the removal of the inoculum from the 
plates, an overlay medium containing 2% FBS and 1% high-viscosity 
carboxymethylcellulose (CMC; Sigma Aldrich Chemical, St. Louis, 
MO, USA) was applied. The cells were then incubated for 96 hours 
at 37°C with 5% CO2. Foci staining assay was used to detect viruses.
	 After the 96-hour incubation, the overlay medium was 
removed, and the cells were washed thrice using PBS. The fixation 
of cells was performed using 4% paraformaldehyde (Sigma Aldrich 
Chemical, St. Louis, MO, USA) diluted with PBS for 20 minutes and 
subsequently washed thrice with PBS. To permeabilize the cells, 1% 
Igepal CA-630 detergent (Sigma Aldrich Chemical, St. Louis, MO, 
USA) was applied for 15 minutes, and the cells were washed thrice 
again with 1 x PBS. Cells blocking was done using 3% skimmed milk 
(Sunlac, Pulau Pinang, Malaysia) for 2 hours at room temperature 
or overnight at 4°C. The cells were then washed thrice with 1 x PBS. 
Next, the human serum (dengue-positive) was used as the primary 
antibody and was added at 1:500 dilution to the cells. The mixture 
was incubated at 37°C for 80 minutes and subsequently washed 
thrice with 1 x PBS. Following the primary antibody, a secondary 
antibody (peroxidase-conjugated goat anti-human-IgG) (Sigma 
Aldrich Chemical, St. Louis, MO, USA) was added and maintained 
at 37°C for 1 hour. After discarding the previous solution, three 
1 x PBS washes were performed on the cells. The immunostained 
cells were exposed to 3,3’-Diaminobenzidine (DAB) substrate 
(Thermoscientific, Waltham, MA, USA) for colorimetric detection of 
the foci, and after 15 minutes at room temperature, the chromogenic 
development was observed. To calculate the virus titre, the foci were 
counted and quantified as foci-forming units per millilitre (FFU/ml).

Foci Reduction Neutralization Test (FRNT)
The neutralization capability of sera against DENV was examined 
using foci reduction neutralization test. In order to analyse 

neutralization capability among the samples, a total of 56 SLE sera, 
21 control sera, and 45 dengue-positive sera were used. Vero cells 
were seeded overnight at 37°C with 5% CO2 in a 24-well plate with 
a cell density of 1.5x105 per well. Patient serum was then heat-
inactivated at 56°C before proceeding to 4-fold dilutions (1:80 to 
1:5120). The virus stock was diluted to 100 FFU per well and added to 
the diluted serum. The serum and the virus mixture were incubated 
at 37°C for 1 hour and then introduced to the seeded cells. Virus 
absorption was done at room temperature with gentle rocking for 
80 minutes. The inoculum was removed from each well and overlay 
medium was added to each well consisting of DMEM supplemented 
by 2% FBS and 1% high-viscosity CMC and left to incubate for 4 
days at 37°C with 5% CO2. Foci were stained as mentioned earlier 
and the virus foci reduction percentage was calculated by counting 
the virus that had been exposed to the serum of patients and virus 
that had not been exposed to the serum. The serum dilution that 
reduced the number of foci to 80% was known as FRNT80 and 50% 
was known as FRNT50. 

Antibody Dependant Enhancement (ADE) Assay
KU812 cells were used for the assay and a total of 18 samples were 
used for SLE sera, 11 samples were used for control sera, and 17 
samples were used for dengue-positive sera. Cells at 2.5x105 per tube, 
were suspended in serum-free RPMI medium in 1.5ml centrifuge 
tubes. Heat-inactivated serum at dilutions of 1:50 and 1:500 in 
RPMI medium supplemented with 2% FBS was mixed with diluted 
DENV-1 stock (10 MOI) (final sera dilution of 1:100 and 1:1000, 
respectively), before being added to the KU812 cells. After a 1-hour 
incubation at 37°C, the cells were centrifuged, washed gently with 
serum-free RPMI, added with 2% RPMI, and then incubated for 24 
hours at 37°C with 5% CO2. The cell suspension was subsequently 
transferred to microcentrifuge tubes, centrifuged, and the 
supernatant was separately stored from the pellet at -80°C for future 
use. RNA was then extracted from the cell pellet stored using RNeasy 
Mini Kit (QIAGEN, Venlo, The Netherlands). The RNA was used for 
qRT-PCR using primers as listed in the manufacturer protocol for 
SensiFAST SYBR Hi-Rox One Step Kit (Meridian Bioscience, Ohio, 
USA). The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
housekeeping gene was used for this qRT-PCR as the control.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 9.0 
software (Applied Biosystems, CA, USA). Differences in the IgE 
ELISA ratio between groups were analyzed using Dunnett’s multiple 
comparisons test for total IgE and dengue-specific IgE ratios. The 
association between DENV neutralization percentage and IgE ELISA 
ratio was determined using Spearman’s correlation analysis. The 
results of the qRT-PCR were obtained through StepOne software 
version 2.3 and analyzed in GraphPad Prism 9.0 to examine 
the presence of ADE and its association with the neutralization 
capabilities of the sera using Dunnett’s multiple comparisons test. 
All analyses were considered as significant when P< 0.05.

RESULTS

Total IgE and dengue-specific IgE antibodies detection using 
enzyme-linked immunosorbent assay (ELISA)
We examined the level of both total IgE and dengue-specific IgE of 
the serum samples using ELISA. SLE sera showed higher total IgE 
levels in comparison to the control sera (Figure 1), even though no 
significance was noted. This aligned with previous studies suggesting 
elevated total IgE levels in SLE patients, which is often indicative 
of greater disease severity (Dema et al., 2014; Lamri & Charles, 
2020). Dengue-positive samples also showed higher total IgE levels 
compared to the control sera, nearly matching the level observed in 
SLE sera (Figure 1) but showed no significant difference. 
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Figure 1. Total IgE antibody level in SLE sera, dengue-positive and 
control sera. Total IgE antibody levels in SLE, dengue-positive, and 
control sera were measured using ELISA. Correlations were assessed 
by Dunnett’s multiple comparisons test. Significant differences 
between the groups are indicated as ns (not significant).

Figure 2. Dengue-specific IgE antibody level in SLE sera, control 
sera and dengue-positive. Dengue-specific IgE antibody levels in 
SLE, dengue-positive, and control sera were measured using ELISA. 
Differences between the groups were assessed using Dunnett’s 
multiple comparisons test and are shown as ns (not significant) 
and **P<0.005.

	 In the detection of dengue-specific IgE, we observed a generally 
low to negligible levels with less than 1.0 dengue-specific IgE ratio in 
both SLE and control sera, consistent with their seronegative status 
of dengue (Figure 2). However, one SLE sera showed a high level 
that could be due to cross-reactions with other flavivirus. Dengue-
specific IgE levels, with a mean ratio of 1.58, were detected only in 
dengue-positive sera, as expected due to the previous exposure of 
these individuals to dengue.  

Association between IgE (total or dengue-specific) antibody levels 
and the neutralizing capability of sera against DENV-1 using FRNT
To investigate the potential involvement of IgE in neutralizing the 
dengue virus, we examined the association between IgE (total or 
dengue-specific) antibody levels and the neutralizing capability of 
all sera against DENV-1. 
	 We observed a 50% neutralization capability against DENV 
across all dilutions. The FRNT assay showed 75% of seronegative SLE 
sera, 100% of dengue-positive sera, and 95% of control sera in the 
lowest dilution of 1/80 (Supplementary Figure S1A). At a dilution 
of 1/320 (Supplementary Figure S1B), the FRNT assay revealed that 
46% of seronegative SLE sera, 100% of dengue-positive sera, and 
81% of control sera exhibited 50% neutralization capacity against 
DENV. Subsequently, at a dilution of 1/1280 (Supplementary Figure 
S1C, the FRNT assay demonstrated that 14% of seronegative SLE 
sera, 91% of dengue-positive sera, and 81% of control sera had 50% 
neutralization capacity against DENV. Lastly, at the maximum dilution 
of 1/5120 (Supplementary Figure S1D), the FRNT assay showed that 
21% of seronegative SLE sera, 82% of dengue-positive samples, 
and 76% of control sera displayed 50% neutralization capacity 
against DENV-1. Association of total IgE antibody ratios against 
the inhibitory percentage of DENV-1 were analysed next. In SLE 
sera at dilutions 1/320 (Figure 3B), we observed significant inverse 
correlation between total IgE levels and the inhibitory percentage of 
DENV (P=0.0213), where higher total IgE levels are associated with 
decreased inhibition of the virus. While a similar inverse correlation 
pattern can be observed across all dilutions, no significant correlation 
was noted at serum dilutions of 1/80 (P=0.1018), 1/1280 (P=0.1236), 
and 1/5120 (P=0.4830) (Figures 3A, 3C, 3D). For dengue-positive sera 
(Figure 4), no correlation between the total IgE antibody level and 
the DENV-1 inhibition percentage was consistently observed across 
all dilutions of the sera (1/80; P=0.7318, 1/320; P=0.8442, 1/1280; 
P=0.8844, 1/5120; P=0.6717). For control sera (Figure 5D), there was 
significant association observed in the highest dilution of 1/5120 
(P=0.0495). No correlation between total IgE levels and DENV-1 
inhibition percentage was evident across all the other dilutions of 
control sera (1/80; P=0.5338, 1/320; P=0.2714, 1/1280; P=0.4955) 
(Figures 5A, 5B, 5C).
	 We further explored the association between dengue-specific 
IgE antibody ratio and the DENV-1 inhibition percentage in dengue-
positive sera, the only type of sample that showed presence of 
the antibody. Results showed no significant correlation across 
all dilutions of the sera (1/80; P=9325, 1/320; P=0.6079, 1/1280; 
P=0.5188, 1/5120; P=0.6258) (Figure 6).

Antibody-dependent enhancement (ADE) of DENV in KU812 cells 
and its association with total IgE antibody level
KU812 cells were inoculated with a mixture of DENV-1 (MOI of 10) 
and serum diluted to 1/100 or 1/1000. Control of this assay was the 
inoculation of the DENV-1 at an MOI of 10 without serum. The results 
demonstrated that 15 out of 18 (83%) SLE (Figure 7A), 12 out of 
17 (71%) dengue-positive (Figure 7B), and 6 out of 11 (55%) control 
sera (Figure 7C) showed higher virus expression in KU812 cells with 
serum compared to the virus without serum (virus control). Among 
sera that exhibited ADE, 9 out of 15 (60%) of SLE (Figure 7A), 7 out 
of 12 (58%) of dengue-positive (Figure 7B), and 6 out of 6 (100%) 
of control sera (Figure 7C) showed higher virus expression at serum 
dilution of 1:100 compared to 1:1000. However, statistical analysis 
revealed that these differences  were not statistically significant. 
When compared among the groups, SLE sera showed higher virus 
expression in both 1/100 (Figure 8A) and 1/1000 (Figure 8B) serum 
dilution compared to dengue-positive and control sera. 
	 Correlation analysis between DENV-1 expression in KU812 
and total IgE antibody levels showed no association at both 1/100 
and 1/1000 dilutions in SLE (1/100; P=0.7416, 1/1000; P=0.8293) 
(Figure S2), dengue-positive sera (1/100; P=0.1793, 1/1000; 
P=0.1348) (Figure S3), and control (1/100; P=0.1107, 1/1000; 
P=0.8818) (Figure S4).
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Figure 3. Association of total IgE antibody level in SLE sera with neutralization level against DENV-1. Heat-inactivated SLE 
(dengue-IgG negative) (n=56) sera were diluted into (A) 1/80, (B) 1/320, (C) 1/1280, (D) 1/5120 and incubated with DENV-1 
for 80 minutes. The incubated solution was then added to Vero cells and virus titers were determined using focus-forming 
assay. Spearman’s correlation test was used to assess the relationship between total IgE antibody levels in SLE sera and the 
neutralization level against DENV-1. Significant association is indicated with *P<0.05.

Figure 4. Association of total IgE antibody level in dengue-positive sera with neutralization level against DENV-1. Heat-
inactivated dengue-IgG positive (no known SLE and dengue IgG and/or IgM positive) (n=45) sera were diluted into (A) 1/80, 
(B) 1/320, (C) 1/1280, (D) 1/5120 and incubated with DENV-1 for 80 minutes. The incubated solution was then added to 
Vero cells and the virus titers were determined using focus-forming assay. Spearman’s correlation test was used to assess 
the relationship between total IgE antibody levels in SLE sera and the neutralization level against DENV-1.
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Figure 6. Association of dengue-specific IgE antibody level in dengue-positive sera with neutralization level against DENV-
1. Heat-inactivated dengue-IgG positive (no known SLE and dengue IgG and/or IgM positive) (n=45) sera were diluted 
into (A) 1/80, (B) 1/320, (C) 1/1280, (D) 1/5120 and incubated with DENV-1 for 80 minutes. The incubated solution was 
then added to Vero cells and the virus titers were determined using focus-forming assay. Spearman’s correlation test was 
used to assess the relationship between total IgE antibody levels in SLE sera and the neutralization level against DENV-1.

Figure 5. Association of total IgE antibody level in control sera with neutralization level against DENV-1. Heat-inactivated 
dengue-IgG and SLE-negative (n=21) sera were diluted into (A) 1/80, (B) 1/320, (C) 1/1280, (D) 1/5120 and incubated 
with DENV-1 for 80 minutes. The incubated solution was then added to Vero cells and the virus titers were determined 
using focus-forming assay. Spearman’s correlation test was used to assess the relationship between total IgE antibody 
levels in SLE sera and the neutralization level against DENV-1. Significant association is indicated with *P<0.05.
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Figure 7. Log relative expression of DENV-1 in SLE sera, dengue-positive and control sera. SLE (A), dengue-positive (B), and control sera (C) were 
diluted to 1:100 and 1:1000 and subjected to ADE assay against DENV using KU812 cells. RNA was extracted and qRT-PCR was performed to 
measure the relative expression of DENV-1. GAPDH was used as the reference housekeeping gene for normalization. The data are presented 
as log-relative expression levels of DENV-1.

Figure 8. Comparison of log relative expression of DENV-1 in SLE sera, dengue-positive and control sera. SLE, dengue-positive, and control 
sera were diluted to 1:100 (A) and 1:1000 (B) and subjected to ADE assay against DENV using KU812 cells. RNA was extracted and qRT-PCR 
was performed to measure the relative expression of DENV-1. The log-relative expression levels of DENV-1 were compared between the 
groups. Correlations were assessed by Dunnett’s multiple comparisons test. Significant differences between the groups are indicated as ns: 
not significant and *P<0.05.
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DISCUSSION

Previous study showed elevated total IgE in SLE patients with a self-
reported history of childhood-onset allergies, including asthma, hay 
fever, or eczema (Biagini et al., 2008). Another study demonstrated 
a strong association between IgE autoantibodies and increased 
disease activity and nephritis in SLE patients (Dema et al., 2014). 
Additionally, IgE autoantibodies in SLE patients correlated with 
disease severity, attributed to the aberrant interferon response 
activation through pDC and TLR-9-mediated sensing of DNA in the 
phagosome (Henault et al., 2016). These findings correlate with our 
result of slightly elevated levels of total IgE in SLE (Figure 1). The 
unexpected moderate elevation of total IgE in dengue-positive sera 
is somewhat notable, especially considering the limited number 
of studies reporting a similar outcome. A study among San Andres 
Island’s population was the first to describe elevated total IgE levels 
in the sera of individuals exposed to dengue compared to dengue 
seronegative individuals (Míguez-Burbano et al., 1999), supporting 
our finding. Another study showed a significantly high level of both 
total and dengue-specific IgE in patients with dengue virus infection 
in comparison to non-dengue patients. Dengue-positive sera showed 
increased levels of dengue-specific IgE as predicted, but SLE and 
control sera showed little to no dengue-specific IgE (Figure 2). The 
relatively high dengue-specific IgE levels were mainly found in 
dengue haemorrhagic fever and/or dengue shock syndrome patients 
(Koraka et al., 2003). These findings suggest an association between 
IgE levels and disease progression in dengue-positive individuals, 
a correlation previously observed in studies with SLE sera. These 
results also imply the potential impact of IgE levels in dengue or 
severe dengue detection.
	 Our finding showed possible involvement of total IgE in assisting 
DENV replication in individuals with SLE (Figure 3), supporting 
the potential pathological role of IgE in dengue. While no other 
studies directly relate IgE with the pro-viral replication of DENV, a 
study demonstrated that autophagy facilitates DENV replication in 
mast cells, a cell that has high affinity to IgE antibodies (Fang et al., 
2014). IgE was also associated with severe progression of dengue 
(Míguez-Burbano et al., 1999; Koraka et al., 2003). Significant 
association was observed between total IgE level and dengue with 
pruritus, indicating the relationship between allergy and dengue 
severity (Kien et al., 2020). Mast cells-derived mediators has also 
been linked with the development of DHF and DSS (Furuta et al., 
2012). Association between total IgE and dengue-specific IgE with 
DENV inhibition, however, were not observed in dengue-positive 
samples, suggesting that the significant inverse association may 
be exclusive in SLE sera. The absence of correlation between total 
IgE and dengue-specific IgE antibody levels in dengue-positive and 
control sera, along with the inverse correlation of total IgE levels 
in SLE sera with virus inhibition, suggests that IgE levels do not 
contribute to the neutralization of DENV. Instead, they might assist 
in DENV replication in individuals with SLE. The control sera showed 
considerable viral inhibition even though they did not have SLE and 
were ELISA-classified as dengue-negative. This rather conflicting 
finding might be explained by exposure to other flaviviruses in the 
past (Oliveira et al., 2019; Yong et al., 2022) that could cross-react 
with DENV.
	 Previous study demonstrated ADE during DENV infection in 
KU812 cells with an elevated level of vasoactive cytokines (Fang 
et al., 2014). Antibody-enhanced binding of all four dengue virus 
serotypes to KU812 cells was also observed with the increased 
production of inflammatory mediators including IL-1, IL-6, and 
CCL5 (Brown et al., 2006). We investigated the occurrence of ADE 
of DENV infection in KU812 cells. The results showed very low to 
almost no virus replication detected in the KU812 cells infected with 
DENV-1 without sera at an MOI of 10, while virus can be detected 
in the KU812 cells infected with DENV-1 mixed with some of the 
sera (Figure 7). This correlates with the previous study that showed 
no DENV infection without sera in KU812 cells and positive DENV 

replication with sera, suggesting ADE, where antibodies in the sera 
facilitate with the infection of DENV-1 in KU812 cells (Brown et al., 
2006). Similarly, some of the sera samples in our study also showed 
results comparable to a previous study (Brown et al., 2006), where 
higher DENV replication was expressed in lower sera dilution (higher 
concentration of antibodies) compared to higher sera dilution (lower 
concentration of antibodies). A previous study by King et. al also 
showed that ADE was expressed in both dilutions, however, the 
expression was greater in the more diluted sera, which is similar 
to some of our sera samples (King et al., 2000). The expression of 
DENV-1 was significantly higher in SLE sera than in control and 
dengue-positive sera at both dilutions, suggesting a higher risk 
of ADE in SLE patients (Figure 8). A case report documented 
a patient with active lupus nephritis who developed dengue 
haemorrhagic fever (DHF), leading to subsequent bleeding and 
fluid overload (Vidanapathirana & Atukorala, 2023). The generation 
of autoantibodies and immune complexes in SLE has been found 
to alter the immunological environment, affecting the capacity of 
antibodies to neutralize and thereby raising the risk of ADE (Justiz 
Vaillant et al., 2024). We, however, found no correlation between 
ADE and total IgE levels in SLE and dengue-positive sera. It is possible 
that specific factors or components within the SLE sera contribute to 
this phenomenon, enhancing viral replication through mechanisms 
that are not solely related to total IgE levels. Previous study showed a 
heavier role of IgG in ADE activation compared to IgE in dengue, due 
to the dominant effect of FcγRII in comparison to FcεRI, where the 
blockade of FcγRII with monoclonal antibody significantly hindered 
DENV binding to KU812 cells (Brown et al., 2006). We, however, do 
not find any association between all sera IgG level and ADE in this 
study (data not shown). 
	 Our study used only one serotype, DENV-1, rather than all 
four serotypes. This limitation led to results that were not as 
comprehensive. Additional limitations of our study included time 
constraints and limited resources. Challenges encountered during 
the study included obtaining a high titre of virus MOI. Some of our 
control sera showed both neutralizing capability and ADE, which 
contributed to many insignificant findings when compared to SLE 
and dengue-positive sera. This might be due to possible exposure 
of these sera to other flaviviruses that could induce cross-reaction 
against DENV. Furthermore, our results may not be generalizable to 
certain age groups and locations, as our investigation was conducted 
with sera without considering the target age group or the specific 
environment with high dengue virus transmission.
	 In conclusion, we observed moderate elevation of total IgE 
in dengue-positive and SLE sera, suggesting that total IgE may 
be a useful biomarker for detecting dengue or severe dengue. 
The reversed association of total IgE and DENV inhibition in SLE 
patients implies possible involvement of total IgE in assisting DENV 
replication. Furthermore, the significantly higher expression of the 
virus in KU812 cells in SLE sera compared to other groups suggests 
an increased risk of ADE in DENV infection among SLE patients. The 
observed correlations between antibody levels, virus neutralization 
and ADE indicate a complex relationship that warrants further 
exploration.

ACKNOWLEDGEMENT

We want to thank the Ministry of Higher Education for the 
Fundamental Research Grant Scheme (FRGS/1/2019/SKK11/
UM/02/4) awarded to Dr. Nurhafiza Zainal. The authors are 
extremely thankful to the Higher Institution Centre of Excellence 
(HICoE) Program (Project MO002-2019) and the Long Term Research 
Grant Scheme (LRGS MRUN Phase 1: LRGS MRUN/F1/01/2018) that 
made this study possible by the support received in parts.

Disclosure
There are no conflicts of interest in relation to this manuscript.



489

Annsley et al. (2024), Tropical Biomedicine 41(4): 481-490

REFERENCES

AbuBakar, S., Azmi, A., Mohamed-Saad, N., Shafee, N. & Chee, H.Y. (1997). 
Antibody responses of dengue fever patients to dengue 2 (New Guinea 
C strain) viral proteins. The Malaysian Journal of Pathology 19: 41-51. 

AbuBakar, S., Puteh, S.E.W., Kastner, R., Oliver, L., Lim, S.H., Hanley, R. & 
Gallagher, E. (2022). Epidemiology (2012-2019) and costs (2009-2019) of 
dengue in Malaysia: a systematic literature review. International Journal 
of Infectious Diseases 124: 240-247.

	 https://doi.org/10.1016/j.ijid.2022.09.006 
Ammerman, N.C., Beier-Sexton, M. & Azad, A.F. (2008). Growth and 

maintenance of Vero cell lines. Current Protocols in Microbiology 
Appendix 4: Appendix 4E.

	 https://doi.org/10.1002/9780471729259.mca04es11
Annsley, D.S., Chin, K.L., Tan, K.K., AbuBakar, S. & Zainal, N. (2024). Impact of 

elevated IgE in protective immunity and immunopathology of dengue. 
Tropical Biomedicine 41: 118-124. https://doi.org/10.47665/tb.41.1.014 

Appanna, R., Wang, S.M., Ponnampalavanar, S.A., Lum, L.C. & Sekaran, 
S.D. (2012). Cytokine factors present in dengue patient sera induces 
alterations of junctional proteins in human endothelial cells. American 
Journal of Tropical Medicine and Hygiene 87: 936-942.

	 https://doi.org/10.4269/ajtmh.2012.11-0606 
Bachal, R., Alagarasu, K., Singh, A., Salunke, A., Shah, P. & Cecilia, D. 

(2015). Higher levels of dengue-virus-specific IgG and IgA during pre-
defervescence associated with primary dengue hemorrhagic fever. 
Archives of Virology 160: 2435-2443.

	 https://doi.org/10.1007/s00705-015-2519-7 
Bhatt, S., Gething, P.W., Brady, O.J., Messina, J.P., Farlow, A.W., Moyes, C.L., 

Drake, J.M., Brownstein, J.S., Hoen, A.G., Sankoh, O. et al. (2013). The 
global distribution and burden of dengue. Nature 496: 504-507.

	 https://doi.org/10.1038/nature12060 
Biagini, R., Smith, J., Sammons, D., Mackenzie, B. & Parks, C. (2008). Elevated 

serum IgE concentrations in systemic lupus erythematosus are related 
to history of childhood allergy, asthma, and hives. Journal of Allergy and 
Clinical Immunology 121: S228.

	 https://doi.org/10.1016/j.jaci.2007.12.900 
Brown, M.G., King, C.A., Sherren, C., Marshall, J.S. & Anderson, R. (2006). A 

dominant role for FcγRII in antibody-enhanced dengue virus infection 
of human mast cells and associated CCL5 release. Journal of Leukocyte 
Biology 80: 1242-1250. https://doi.org/10.1189/jlb.0805441 

Chen, S.T., Lin, Y.L., Huang, M.T., Wu, M.F., Cheng, S.C., Lei, H.Y., Lee, C.K., 
Chiou, T.W., Wong, C.H. & Hsieh, S.L. (2008). CLEC5A is critical for dengue-
virus-induced lethal disease. Nature 453: 672-676.

	 https://doi.org/10.1038/nature07013 
Dema, B., Pellefigues, C., Hasni, S., Gault, N., Jiang, C., Ricks, T.K., Bonelli, 

M.M., Scheffel, J., Sacre, K. & Jablonski, M. (2014). Autoreactive IgE 
is prevalent in systemic lupus erythematosus and is associated with 
increased disease activity and nephritis. PloS One 9: e90424.

	 https://doi.org/10.1371/journal.pone.0090424 
Fang, Y.-T., Wan, S.-W., Lu, Y.-T., Yao, J.-H., Lin, C.-F., Hsu, L.-J., Brown, M.G., 

Marshall, J.S., Anderson, R. & Lin, Y.-S. (2014). Autophagy facilitates 
antibody-enhanced dengue virus infection in human pre-basophil/mast 
cells. PloS One 9: e110655.

	 https://doi.org/10.1371/journal.pone.0110655
Furuta, T., Murao, L.A., Lan, N.T.P., Huy, N.T., Huong, V.T.Q., Thuy, T.T., Tham, 

V.D., Nga, C.T.P., Ha, T.T.N. & Ohmoto, Y. (2012). Association of mast cell-
derived VEGF and proteases in Dengue shock syndrome. PLoS Neglected 
Tropical Diseases 6: e1505.

	 https://doi.org/10.1371/journal.pntd.0001505
Guzman, M.G. & Harris, E. (2015). Dengue. Lancet 385: 453-465.
	 https://doi.org/10.1016/S0140-6736(14)60572-9 
Halstead, S.B. (2014). Dengue Antibody-Dependent Enhancement: Knowns 

and Unknowns. Microbiology Spectrum 2.
	 https://doi.org/10.1128/microbiolspec.AID-0022-2014
Hasan, S., Jamdar, S.F., Alalowi, M. & Al Beaiji, S.M.A. (2016). Dengue virus: 

A global human threat: Review of literature. Journal of International 
Society of Preventive & Community Dentistry 6: 1-6.

	 https://doi.org/10.4103/2231-0762.175416 
Henault, J., Riggs, J.M., Karnell, J.L., Liarski, V.M., Li, J., Shirinian, L., Xu, 

L., Casey, K.A., Smith, M.A. Khatry, D.B. et al. (2016). Self-reactive IgE 
exacerbates interferon responses associated with autoimmunity. Nature 
Immunology 17: 196-203. https://doi.org/10.1038/ni.3326 

Huang, X., Yue, Y., Li, D., Zhao, Y., Qiu, L., Chen, J., Pan, Y., Xi, J., Wang, X., 
Sun, Q. et al. (2016). Antibody-dependent enhancement of dengue 
virus infection inhibits RLR-mediated Type-I IFN-independent signalling 
through upregulation of cellular autophagy. Scientific Reports 6: 22303. 
https://doi.org/10.1038/srep22303 

Inokuchi, M., Dumre, S.P., Mizukami, S., Tun, M.M.N., Kamel, M.G., Manh, 
D.H., Phuc, L.H., Van Thuong, N., Van An, T. & Weiss, L.N. (2018). 
Association between dengue severity and plasma levels of dengue-
specific IgE and chymase. Archives of Virology 163: 2337-2347.

	 https://doi.org/10.1007/s00705-018-3849-z 
Justiz Vaillant, A.A., Goyal, A. & Varacallo, M. (2024). Systemic Lupus 

Erythematosus. StatPearls [Internet]. Treasure Island: StatPearls 
Publishing.

Kalayanarooj, S. (2011). Clinical Manifestations and Management of Dengue/
DHF/DSS. Tropical Medicine and Health 39: 83-87.

	 https://doi.org/10.2149/tmh.2011-S10 
Kelley, J.F., Kaufusi, P.H. & Nerurkar, V.R. (2012). Dengue hemorrhagic 

fever-associated immunomediators induced via maturation of dengue 
virus nonstructural 4B protein in monocytes modulate endothelial 
cell adhesion molecules and human microvascular endothelial cells 
permeability. Virology 422: 326-337.

	 https://doi.org/10.1016/j.virol.2011.10.030 
Khetarpal, N. & Khanna, I. (2016). Dengue fever: causes, complications, and 

vaccine strategies. Journal of Immunology Research 2016: 6803098.  
https://doi.org/10.1155/2016/6803098 

Kien, N.D., El-Qushayri, A.E., Ahmed, A.M., Safi, A., Mageed, S.A., Mehyar, 
S.M., Hashan, M.R., Karimzadeh, S., Hirayama, K. & Huy, N.T. (2020). 
Association of allergic symptoms with dengue infection and severity: 
a systematic review and meta-analysis. Virologica Sinica 35: 83-92.

	 https://doi.org/10.1007/s12250-019-00165-6
King, C.A., Marshall, J.S., Alshurafa, H. & Anderson, R. (2000). Release of 

vasoactive cytokines by antibody-enhanced dengue virus infection of 
a human mast cell/basophil line. Journal of Virology 74: 7146-7150. 
https://doi.org/10.1128/jvi.74.15.7146-7150.2000 

Koraka, P., Murgue, B., Deparis, X., Setiati, T.E., Suharti, C., van Gorp, E.C., 
Hack, C., Osterhaus, A.D. & Groen, J. (2003). Elevated levels of total and 
dengue virus specific immunoglobulin E in patients with varying disease 
severity. Journal of Medical Virology 70: 91-98.

	 https://doi.org/10.1002/jmv.10358 
Lamri, Y. & Charles, N. (2020). IgE in the Pathogenesis of SLE: From Pathogenic 

Role to Therapeutic Target. Antibodies (Basel) 9: 69.
	 https://doi.org/10.3390/antib9040069 
Lee, P.X., Ong, L.C., Libau, E.A. & Alonso, S. (2016). Relative Contribution 

of Dengue IgG Antibodies Acquired during Gestation or Breastfeeding 
in Mediating Dengue Disease Enhancement and Protection in Type I 
Interferon Receptor-Deficient Mice. PLoS Neglected Tropical Diseases 
10: e0004805. https://doi.org/10.1371/journal.pntd.0004805 

Marshall, J.S., King, C.A. & McCurdy, J.D. (2003). Mast cell cytokine and 
	 chemokine responses to bacterial and viral infection. Current
	 Pharmaceutical Design 9: 11-24.
	 https://doi.org/10.2174/1381612033392413 
Martina, B.E., Koraka, P. & Osterhaus, A.D. (2009). Dengue virus pathogenesis: 

an integrated view. Clinical Microbiology Reviews 22: 564-581.
	 https://doi.org/10.1128/CMR.00035-09 
Míguez-Burbano, M.J., Jaramillo, C.A., Palmer, C.J., Shor-Posner, G., 

Velásquez, L.S., Lai, H. & Baum, M.K. (1999). Total immunoglobulin E 
levels and dengue infection on San Andres Island, Colombia. Clinical 
Diagnostic Laboratory Immunology 6: 624-626.

	 https://doi.org/10.1128/cdli.6.4.624-626.1999
Modhiran, N., Watterson, D., Muller, D.A., Panetta, A.K., Sester, D.P., Liu, 

L., Hume, D.A., Stacey, K.J. & Young, P.R. (2015). Dengue virus NS1 
protein activates cells via Toll-like receptor 4 and disrupts endothelial 
cell monolayer integrity. Science Translational Medicine 7: 304ra142. 
https://doi.org/10.1126/scitranslmed.aaa3863

Narayan, R. & Tripathi, S. (2020). Intrinsic ADE: The Dark Side of Antibody 
Dependent Enhancement During Dengue Infection. Frontiers in Cellular 
and Infection Microbiology 10: 580096.

	 https://doi.org/10.3389/fcimb.2020.580096 
Oliveira, R.A., de Oliveira-Filho, E.F., Fernandes, A.I., Brito, C.A., Marques, 

E.T., Tenorio, M.C. & Gil, L.H. (2019). Previous dengue or Zika virus 
exposure can drive to infection enhancement or neutralisation of other 
flaviviruses. Memórias do Instituto Oswaldo Cruz 114: e190098.

	 https://doi.org/10.1590/0074-02760190098



490

Annsley et al. (2024), Tropical Biomedicine 41(4): 481-490

Pavri, K., Swe, T., Ramamoorthy, C.L. & Chodankar, V.P. (1979). Immunoglobulin 
E in dengue haemorrhagic fever (DHF) cases. Transactions of the Royal 
Society of Tropical Medicine and Hygiene 73: 451-452.

	 https://doi.org/10.1016/0035-9203(79)90174-3 
Pellegrino, M.G., Bluth, M.H., Smith-Norowitz, T., Fikrig, S., Volsky, D.J., 

Moallem, H., Auci, D.L., Nowakowski, M. & Durkin, H.G. (2002). HIV 
type 1-specific IgE in serum of long-term surviving children inhibits HIV 
type 1 production in vitro. AIDS Research and Human Retroviruses 18: 
363-372. https://doi.org/10.1089/088922202753519142 

Rathore, A.P., Farouk, F.S. & John, A.L.S. (2020). Risk factors and biomarkers 
of severe dengue. Current Opinion in Virology 43: 1-8.

	 https://doi.org/10.1016/j.coviro.2020.06.008
Rothman, A.L. (2003). Immunology and immunopathogenesis of dengue 

disease. Advances in Virus Research 60: 397-419.
	 https://doi.org/10.1016/s0065-3527(03)60010-2
Salim, N.A.M., Wah, Y.B., Reeves, C., Smith, M., Yaacob, W.F.W., Mudin, R.N., 

Dapari, R., Sapri, N.N.F.F. & Haque, U. (2021). Prediction of dengue 
outbreak in Selangor Malaysia using machine learning techniques. 
Scientific Reports 11: 939. https://doi.org/10.1038/s41598-020-79193-2 

Sanchez, L.F., Hotta, H., Hotta, S. & Homma, M. (1986). Degranulation and 
histamine release from murine mast cells sensitized with dengue virus-
immune sera. Microbiology and immunology 30: 753-759.

	 https://doi.org/10.1111/j.1348-0421.1986.tb03002.x
Srikiatkhachorn, A., Mathew, A. & Rothman, A.L. (2017). Immune-

mediated cytokine storm and its role in severe dengue. Seminars in 
Immunopathology 39: 563-574.

	 https://doi.org/10.1007/s00281-017-0625-1

St John, A.L. (2013). Influence of mast cells on dengue protective immunity 
and immune pathology. PLoS Pathogens 9: e1003783.

	 https://doi.org/10.1371/journal.ppat.1003783
St John, A.L. & Rathore, A.P.S. (2019). Adaptive immune responses to primary 

and secondary dengue virus infections. Nature Reviews. Immunology 
19: 218-230. https://doi.org/10.1038/s41577-019-0123-x

Vidanapathirana, M. & Atukorala, I. (2023). Dengue hemorrhagic fever with 
bleeding and fluid overload in a patient with active lupus nephritis: a 
case report of diagnostic and therapeutic challenges. BMC Infectious 
Diseases 23: 433. https://doi.org/10.1186/s12879-023-08415-5

Wang, T.T., Sewatanon, J., Memoli, M.J., Wrammert, J., Bournazos, S., 
Bhaumik, S.K., Pinsky, B.A., Chokephaibulkit, K., Onlamoon, N., 
Pattanapanyasat, K. et al. (2017). IgG antibodies to dengue enhanced 
for FcgammaRIIIA binding determine disease severity. Science 355: 395-
398. https://doi.org/10.1126/science.aai8128

Whitehead, S.S., Blaney, J.E., Durbin, A.P. & Murphy, B.R. (2007). Prospects 
for a dengue virus vaccine. Nature Reviews Microbiology 5: 518-528. 
https://doi.org/10.1038/nrmicro1690 

Yong, Y.K., Wong, W., Vignesh, R., Chattopadhyay, I., Velu, V., Tan, H.Y., 
Zhang, Y., Larsson, M. & Shankar, E.M. (2022). Dengue Infection - Recent 
Advances in Disease Pathogenesis in the Era of COVID-19. Frontiers in 
Immunology 13, 889196. https://doi.org/10.3389/fimmu.2022.889196

Zainal, N., Tan, K.K., Johari, J., Hussein, H., Wan Musa, W.R., Hassan, J., 
Lin, Y.S. & AbuBakar, S. (2018). Sera of patients with systemic lupus 
erythematosus cross-neutralizes dengue viruses. Microbiology and 
Immunology 62: 659-672. https://doi.org/10.1111/1348-0421.12652


